Abstract. Industrial enterprises embody the growth pattern and characteristics of China's entire economy and its innovative capabilities should be greatly enhanced. From an efficiency perspective, it seeks to minimize input and maximize output. Taking Shanghai industrial enterprises as the example, this paper analyzes the efficiency of 24 industrial sectors of science and technology by using DEA method. According to the results of DEA evaluation, most of the industrial sectors in Shanghai are less efficient and there are large gaps among industries, the results means the intensity of investment in science and technology and the structure needs to be improved.
Introduction
As the primary productive force, science and technology have become the core competitiveness of a country [1] . Technological innovation is more important, and the efficiency of technological innovation is particularly important. Enterprises are the main body engaged in technological innovation. Industrial enterprises are also the backbone of enterprises and play a great role in promoting the economic development of the entire country. Now the industrial development has shifted its focus from the "cumulative" to the "improved efficiency". This means the ratio of input-output and the optimal allocation of resource but not the amount of input in industrial production should be emphasized [2] . This research chooses Shanghai as the example because Shanghai's urban status determines its representativeness in this field and has important guiding significance for industrial development of shanghai. Adequate investment in science and technology and a reasonable input structure for science and technology are necessary for raising the efficiency of science and technology [3] . The role of science and technology in promoting economic growth depends not only on the total amount of investment in science and technology, but also on the efficiency of science and technology input-output. Therefore, the input-output efficiency of science and technology has undoubtedly become the key link in the evaluation of science and technology development. Therefore, this article from the perspective of the industrial sector, and using DEA method to evaluate the science and technology input-output efficiency of industrial enterprises of Shanghai to find out the reasons for the lack of efficiency and the direction of adjustment, and then we put forward relevant countermeasures and suggestions to provide the basis for decision-making to improve the capability of scientific and technological innovation for china.
DEA Model Selection
Data Envelopment Analysis (DEA) is a new systematic method developed by American famous operations research scientist Charnes and Cooper et al in 1978 based on the concept of "relative efficiency evaluation". This method evaluates the relative efficiency and effectiveness of a "department" or "unit" (referred to as Decision Making Unit, DMU) with multiple inputs and multiple outputs using a mathematical programming model [4] .According to DEA principle, the following evaluation model is constructed.
We assume that there are t decision making units in DEA, each decision making unit has m inputs and n outputs. The input of DMU j is X j = (x 1j , x 2j , ..., x mj )
T and the output is Y j = (y 1j , y 2j , ..., y nj ) T , where m is the number of input indicators and n is the number of output indicators, j = 1,2,3, ..., t. 
The above model is the CCR model of the evaluation unit (Charnes, Cooperand Rhodes, 1978) [5] . On the basis of the above model, adding the constraint: 1
, the BCC model of evaluating the evaluation unit is obtained (Banker, Charnes and Cooper, 1984 ) [6] .The optimal solution of this planning model is * * * , , *,
. The economic significance of this model for industrial enterprises is: when θ * = 1 and S -* = 0, S +* = 0, the evaluation unit DMU 0 is valid for DEA. When θ* = 1, and S -* ≠ 0 or S +* ≠ 0, then the evaluation unit DMU 0 is weakly valid for DEA. When θ* < 1, the evaluation unit DMU 0 is invalid for the DEA. Therefore, combined with the practical application of the domestic DEA research, this paper chooses BCC models.
Evaluation Index Design
On the basis of summarizing the existing literature and combining the characteristics of input-output of science and technology in the industry, this paper chooses the following index for input and output. In terms of investment in science and technology, it contains two major indicators, namely, technicians and scientific and technological funds, technicians measure actual input to human resources and technology funds reflect actual expenditures on scientific and technological activities. In terms of science and technology output, the number of patent applications is an important indicator of the R & D capability of industrial enterprises. The output value of new products and sales revenue of new products reflect the benefits of scientific and technological achievements for enterprises.
Evaluation of the Relative Efficiency of Shanghai S & T Industrial Enterprises
The data of this study comes from "2016 Shanghai Statistical Yearbook". In the Statistical Yearbook, though the industrial enterprises were divided into 30 categories, 24 industrial sectors were selected for evaluation on account of missing data. The result showed in Table 1 is obtained by using Deap2.1. 
Valid Industrial Analysis
The comprehensive efficiency value of effective industry is 1. There are two industrial sectors, namely the textile industry and transportation equipment manufacturing industry respectively, which are both effective technology and effective scale in terms of current technology input and output. That is to say, unless one or more new inputs are added or some of the output is reduced, no existing output can be increased and the returns to scale of inputs and outputs remain constant, which reflects the optimality of science and technology input-output in these industries. Therefore, the two industrial sectors have the highest relative efficiency input-output of science and technology and should be the key direction for the industrial development in Shanghai in the future.
Weakly Invalid Industrial Analysis
The comprehensive efficiency value of weakly invalid industrial sector is between 0.5 and 1. There are nine industrial sectors such as paper products industry which are weakly invalid. The efficiency values of these industries are relatively high, however, in these industries, there are significant differences in purely technical efficiency and scale efficiency. In terms of pure technical efficiency, the pure technical efficiency value of the five industries such as paper and paper products industry is 1, indicating that their resource allocation is reasonable and the management level is relatively high. DEA is invalid mainly because of its lower scale efficiency. Considering the scale efficiency, these industries are in a state of decreasing returns to scale. That is, an increase of 1 unit of technology input can only bring output of less than 1 unit. Compared with the output level, there is redundancy in its input. Therefore, it is necessary to appropriately reduce technology input to increase output efficiency. The pure technical efficiency of printing and copying industry, chemical fiber manufacturing and non-ferrous metal processing industry were 0.752, 0.711, 0.761 respectively, which was ineffective for technology and was in a state of increasing returns to scale. This shows that resource allocation and industry management of the industry need to be further improved, and its low level of technical input need to further increase the amount of technical resources.
Seriously Invalid Industrial Analysis
The comprehensive efficiency value of seriously invalid industrial sector is less than 0.5. There are 13 industrial sectors such as food manufacturing. For these 13 industrial sectors, the relative efficiency values are below the value of the average efficiency (0.522), which indicates that the relative efficiency of DEA is seriously ineffective. Therefore, industrial development in Shanghai should focus on improving these industries. In terms of technical efficiency, we can divide these 13 industries into technically effective industries and technically inefficient industries. Only electronic equipment manufacturing industry is in technically effective industry. Combined with the analysis of the scale efficiency, electronic equipment manufacturing industry is increasing scale of returns. The reason for the low comprehensive efficiency of this sector is the low level of technical input resulting in low output levels. Therefore, the industry needs to increase investment, expand the scale to improve output efficiency.
There are 12 industries which are in non-technology effective industries. Through comprehensive scale efficiency analysis, nine industries such as furniture manufacturing industry are increasing returns to scale. The technical efficiency of these nine industries is not high because the resources allocation and the internal management of the organization have led to a lack of capability of converting technical inputs into outputs. Therefore, technological input should be added to these nine sectors to increase economies of scale. In the meantime, attention should be paid to the rational distribution of resources invested. The other three industries are in a state of decreasing returns to scale. That is to say, there are redundancies in the technical input in these three industries under the existing output level, and the amount of technical input should be appropriately reduced to improve the output efficiency.
Therefore, if Shanghai wants to enhance the scale efficiency and optimize the industrial structure, it is necessary to focus on optimizing the allocation of inputs of elements to the above 13 industrial sectors, which will enable the state of increasing or decreasing returns to scale backs to the optimal state of zero scale returns to achieve the optimal allocation of resources to promote the structure optimization and development of the industries.
Conclusions and Recommendations
By analyzing the relative efficiency of DEA about 24 industrial sectors in Shanghai, we can draw the following conclusions:
(1) In terms of comprehensive efficiency, 22 industries are invalid and only 2 industries are valid. It shows that the input-output efficiency of science and technology in Shanghai's industrial sector is not high, and the resources of science and technology have not been fully utilized. In the future, the government should pay more attention to the industrial sector with lower efficiency and improve the utilization efficiency of resources.
(2) There are seven technically effective industries among 24 industries, and the mean (0.652) is larger than the mean of the comprehensive technical efficiency (0.522), which shows that the technical level of various industrial sectors in Shanghai is generally high. However, there are 22 industry sectors that are not in the best condition of scale efficiency in 24 industry sectors.14 industrial sectors such as paper products industry are in a state of increasing returns to scale among them, and the government needs to increase the scale of technology investment of these industries to improve output efficiency. Eight industrial sectors, such as chemical products manufacturing, are in a state of decreasing returns to scale. There are redundancies in input relative to their output capacity in these industrial sectors. Therefore, only by appropriately reducing the corresponding input in science and technology can these industries improve the output efficiency.
(3) In recent years, with the rapid economic development in Shanghai, the influence of the level of industrial development on the economy is becoming more and more significant. Therefore, whether the industrial structure is reasonable or not also has a great impact on the development of the industry. It is possible for such industries to make full use of all kinds of input resources to achieve the maximum output efficiency if they obtain the maximum output under the given input or obtain the minimum input under the given output. According to the results of DEA analysis, it can be seen that some hi-tech industries are extremely efficient in input and output of science and technology, such as railways, ships, aerospace and other transportation equipment manufacturing industries. Therefore, the government should consider these advantageous industrial sectors as the key development targets to drive the development of other industrial sectors.
